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(57) ABSTRACT

A strap retaining device having an actuation arm that may
engage a retaining tab is provided. In an exemplary embodi-
ment, the strap retaining device includes a frame, a retention
tab pivotally connected to the frame, and an actuation arm
connected to the frame and having a first actuation element
movable towards the retention tab from a neutral position to
anactuated. The first actuation ramp is movable in a first plane
to cause the retention tab to move in a second plane that is
perpendicular to the first plane.
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PERSONAL PROTECTIVE EQUIPMENT
STRAP RETAINING DEVICES

TECHNICAL FIELD

This disclosure relates to strap retaining devices, in par-
ticular strap retaining devices for personal protective equip-
ment having an actuation arm that may engage a retaining tab.

BACKGROUND

Personal protective devices often include one or more
straps to secure the device in an appropriate position about a
user. Respiratory protection devices that cover a user’s nose
and mouth, for example, often include one or more straps
extending around the head of the user. In order to maintain a
desired fit, straps may be elastic or adjustable to a suitable
length for a particular user. Various strap retention devices
and buckles have been provided that may allow for the length
or tension of the strap to be manually adjusted.

SUMMARY

The present disclosure provides a strap retaining device for
apersonal protection device including a frame, a retention tab
pivotally connected to the frame, and a first actuation arm
connected to the frame and comprising a first actuation ele-
ment movable towards the retention tab. The first actuation
element is movable in a first plane from a neutral position to
an actuated position in which the first actuation element
causes the retention tab to move in a second plane that is
substantially perpendicular to the first plane. In an exemplary
embodiment, the first actuation element is a ramp, and the first
actuation element contacts an angled surface of the retention
tab in the actuated position. In various exemplary embodi-
ments, the frame, strap retention tab, and actuation arm are
integrally formed.

The present disclosure further provides a harness assembly
for a respirator including first and second strap retaining
devices each including a frame, a retention tab pivotally con-
nected to the frame, a strap channel and a first actuation arm
connected to the frame and comprising a first actuation ramp
movable in a first plane from a neutral position to an actuated
position in which the first actuation ramp contacts a surface of
the retention tab and causes the retention tab to move in a
second plane that is perpendicular to the first plane, a first
strap positioned in a strap channel of the first strap retainer
about a portion of the frame of the first strap retainer, and a
second strap positioned in a strap channel of the second strap
retainer about a portion of the frame of the second strap
retaining devices. The first strap retaining device comprises a
first attachment element and the second strap retaining device
comprises a second attachment element and the first attach-
ment element is attachable to the second attachment element.

The above summary is not intended to describe each dis-
closed embodiment or every implementation. The Figures
and the Detailed Description, which follow, more particularly
exemplify illustrative embodiments.

BRIEF DESCRIPTION OF DRAWINGS

The disclosure may be further explained with reference to
the appended Figures, wherein like structure is referred to by
like numerals throughout the several views, and wherein:

FIG. 1 shows a side view of an exemplary personal protec-
tive device including strap retaining devices according to the
present disclosure.
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FIG. 2 shows a front perspective view of an exemplary
strap retaining device according to the present disclosure.

FIG. 3 shows a rear perspective view of an exemplary strap
retaining device according to the present disclosure.

FIG. 4 shows a front perspective view of an exemplary
strap retaining device and strap according to the present dis-
closure in a neutral or retained position.

FIG. 5 shows a front perspective view of an exemplary
strap retaining device and strap according to the present dis-
closure in an actuated position.

FIG. 6 shows a front perspective view of an exemplary
strap retaining device according to the present disclosure in a
retained position.

FIG. 7 shows a front perspective view of an exemplary
strap retaining device according to the present disclosure in
an actuated position.

FIG. 8 shows a front perspective view of exemplary first
and second strap retaining devices according to the present
disclosure configured for attachment.

FIG. 9 shows a front perspective view of an exemplary
strap retaining device according to the present disclosure.

FIG. 10 shows a rear perspective view of an exemplary
strap retaining device according to the present disclosure.

FIG. 11 shows a front perspective view of an exemplary
strap retaining device according to the present disclosure in
an activated position.

While the above-identified figures set forth wvarious
embodiments of the disclosed subject matter, other embodi-
ments are also contemplated. In all cases, this disclosure
presents the disclosed subject matter by way of representation
and not limitation. It should be understood that numerous
other modifications and embodiments can be devised by those
skilled in the art which fall within the scope and spirit of the
principles of this disclosure.

DETAILED DESCRIPTION

The present disclosure provides a personal protective
equipment strap retaining device. The strap retaining device
includes a retaining tab and one or more actuation arms. The
retaining tab applies a force to a strap to limit the ability of the
strap to slide through the strap retaining device. The one or
more actuation tabs may be flexed to raise the retaining tab
and allow the strap to slide through the retaining device more
freely. An exemplary strap retaining device according to the
present disclosure securely maintains the strap at a desired
position, but allows a user to quickly and easily adjust the
length of the strap by operating the one or more actuation
arms.

FIG. 1 shows an exemplary personal protective device 10
including exemplary strap retaining devices 100a, 1005,
100c¢. The personal protective device 10 is a respiratory pro-
tection device including a mask body 20 and a harness assem-
bly 30. The mask body may include a rigid or semi-rigid
portion 20q and a face contacting portion 205. The face con-
tacting portion 206 may be formed of a soft or compliant
material that provides a comfortable fit and is able to seal
against the face of'a wearer to prevent ingress of external air.
The head harness assembly may include one or more straps
40, such as upper straps 40a and lower straps 405, to secure
respiratory protection device 10 in a position of use over the
nose and mouth of the wearer. Upper straps 40a and lower
straps 406 may be portions of a single continuous integral
strap that passes through a loop or attachment element of
mask body 20 or may be discrete individual straps that are
each attached to mask body 20. In an exemplary embodiment,
harness assembly 30 includes a strap support 35 configured to



US 9,247,788 B2

3

fit generally about the crown of a wearer’s head. Strap support
35 may be made of any suitable material, and in some
embodiments may be a head covering such as a cap, hard hat,
hood, beanie, netting, or other suitable strap support. Upper
and lower straps 40a, 405 may be appropriately tensioned
such that face contacting portion 205 of mask body 20 is
adequately positioned and/or sealed against a wearer’s face.

In an exemplary embodiment, harness assembly 30
includes a first strap retaining device 100qa attached to strap
support 35 and allows for adjustment of upper strap 40a, for
example. A second strap retaining device 1005 is positioned
proximate the rear of a wearer’s neck and may allow adjust-
ment of lower strap 405, for example. In some exemplary
embodiments, second strap retaining device is configured to
be attached to a third retaining device 100¢ which allows for
adjustment of another lower strap at an opposite side of the
wearer’s head. Strap retaining devices 100a, 1005, and/or
100c maintain a desired length of strap 40 between mask body
20 and strap support 35, for example, while allowing the
desired length of strap 40 to be quickly and easily adjusted as
described in greater detail below. U.S. application Ser. No.
13/757,337, titled Respiratory Protection Device Harness
Assembly, addresses various embodiments of a harness
assembly and attachment elements for a harness assembly,
and is incorporated herein by reference.

FIGS. 2 and 3 show an exemplary strap retaining device
200 according to the present disclosure. Strap retaining
device 200 includes a frame 210, a retaining tab 220, and an
actuation arm 230q attached to frame 210. Actuation arm
230a may engage retaining tab 220 to reduce a force applied
by retaining tab 220 to a strap (not shown) positioned through
strap retaining device 200.

In an exemplary embodiment, frame 210 provides a base
that various portions of strap retaining device 200 may move
relative to and may include a first frame portion 2104, and a
second frame portion 2105 in spaced relation to first frame
portion 210a. First and second frame portions are connected
by third and fourth frame portions 210¢ and 210d. First,
second, third, and fourth frame portions 210a, 2105, 210c,
210d form a generally square or rectangular configuration
and partially define a strap channel 228 for a strap to pass
through, as described further below. Second frame portion
2106 is positioned such that a strap may be looped around
second frame portion 2105, and provides a base against which
retaining tab 220 may clamp, or apply a force to, a strap to
retain the strap at a desired length.

In the exemplary embodiment of FIG. 2, frame 210
includes four substantially straight frame portions with each
frame portion joined to adjacent frame members at an angle of
approximately 90 degrees. In other exemplary embodiments,
frame 210 may comprise one, two, three, four, or more than
four frame portions that exhibit an arcuate shape and may be
joined to adjacent frame members at an angle other than 90
degrees. In an exemplary embodiment, frame 210 includes
three frame portions, not including third frame portion 210c,
for example, such that a strap may be more easily positioned
in, or removed from, strap retaining device 200.

Retaining tab 220 extends from frame 210, for example
from frame portion 210a. In an exemplary embodiment,
retaining tab 220 includes first and second major surfaces
separated by a thickness t, and may include an angled surface
or ramped portion 220a extending away from frame portion
210q and generally upward from frame portion 210a and/or
frame portions 2105, 210c, 210d4. Retaining tab 220 may
further include a clamp portion 2205 including one or more
retaining features 229. Retaining feature 229 may include a
textured surface, sharp corner, serrated edge and/or other
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features that may provide additional friction or contact to
retain a strap. In an exemplary embodiment, retaining tab 220
exhibits a cantilever configuration such that a first end portion
221 is connected to frame 210, first frame portion 210a for
example, while first and second side portions 223, 224, and
second end portion 222 are not connected to frame 210.

In an exemplary embodiment, retaining tab 220 is pivotally
connected to frame portion 210a such that retaining tab 220
may pivot or rotate relative to an axis, such as axis 1-1, for
example. In the embodiment of FIG. 2, axis 1-1 is proximate
a connection between retaining tab 220 and first frame por-
tion 210a. In other exemplary embodiments, retaining tab 220
may connect to one or more other portions of frame 210 such
that the axis is proximate a central location of retaining tab
220 while two both first end portion 221 and second end
portion 222 are not connected to frame 210 and are able to
pivot or rotate.

Strap retaining device 200 includes one or more actuation
arms that may be actuated to manipulate retaining tab 220. In
an exemplary embodiment, strap retaining device 200
includes a first actuation arm 230a connected to frame 210,
for example first or third frame portions 210a or 210c. First
actuation arm 230a includes a first end portion 231a con-
nected to frame 210, and extends as a cantilever from frame
210. Application of force along a length of arm 230a, such as
a user squeezing arm 230a towards retaining tab 220, causes
arm 230a to bend or flex about first end portion 231a. In an
exemplary embodiment, a second actuation arm 2305 is simi-
larly connected to frame 210, for example first and fourth
frame portions 210a or 210d, and generally mirrors first
actuation arm 230aq.

Arms 230a, 2305 are biased towards a neutral or retained
position, such as the position shown in FIG. 2, such that when
an external force is removed, arm 230 returns to the neutral or
retained position. In an exemplary embodiment, arm 230a
returns to a fully neutral position when not squeezed or
pressed by a user. In some exemplary embodiments, arm 230a
may include a feature, such as a tab (not shown) that contacts
a portion of frame 210, for example, that limits the return of
arm 230aq to a fully neutral position.

In an exemplary embodiment, first and second actuation
arms 230qa, 2305 include actuation tabs 2354, 2356 having
extending portions 236a, 2365 and actuation elements 237a,
2375 that include actuation ramps configured to contact one
or more surfaces of retaining tab 220 when arms 230a, 2305
are flexed towards retaining tab 220. In various exemplary
embodiments, actuation elements may be provide in the form
of an edge, surface, chamfered corner, or any other suitable
feature that may contact one or more surfaces of retaining tab
220 when arms 230a, 2305 are flexed towards retaining tab
220.

Extending portions 2364, 2365 position ramps 2374, 2375
at desired positions relative to retaining tab 220. In an exem-
plary embodiment, extending portions 236a, 2365 position
ramps 237a, 2375 proximate retaining tab 220 to allow ramps
237a, 237b to appropriately contact retaining tab 220 within
a desired travel distance between a neutral position and a fully
actuated position. A travel distance of ramps 237a, 2375 may
be limited by the distance between stop surfaces 238a, 2385
and frame 210. In various exemplary embodiments, the dis-
tance between stop surfaces 238a, 23856 and frame 210 when
arms 230a, 2305 are in a neutral or retained position is
between approximately 10 mm and 1 mm, 6 mm and 1.5 mm,
or of approximately 2 mm. Such a distance may allow easy
actuation by a user while limiting the likelihood of inadvert-
ent actuation. In the fully actuated position, a distance
between stop surfaces 2384, 2385 and frame 210 may be less
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than approximately 1 mm, or approximately O mm such that
stop surfaces 238a, 2385 contact frame 210 to limit further
travel of arms 230qa, 2305 and ramps 237a, 2375 when in a
fully actuated position.

As shown in FIG. 3, for example, retaining tab may include
engaging surfaces 227a,227b having a shape complementary
to ramps 237a, 237b. In an exemplary embodiment, engaging
surfaces 227a, 227b are inward angled surfaces that allow
retaining tab 220 to smoothly travel upward as actuation
ramps 237a, 2375 are moved from a neutral position to a fully
actuated position. Other exemplary engaging surfaces
included rounded or chamfered edges, or other suitable fea-
tures.

Strap retaining device 200 may further include an attach-
ment element 260. In an exemplary element, attachment ele-
ment 260 extends from frame 210, such as frame member
210a, and extends away from frame 210 in a direction gen-
erally away from, and/or in an opposite direction of, retention
tab 220. Attachment element 260 may include an anchoring
tab 261, for example, shaped and configured for attachment.
Inan exemplary embodiment, anchoring tab 261 includes one
or more recesses, cavities, projections, or other suitable fea-
tures that may interact with complementary features of a
harness assembly, such as a strap support, for example.
Attachment element 260 thus may be releasably attached to
the strap support, similar to the configuration of strap retain-
ing device 100a shown in FIG. 1, for example. In some
exemplary embodiments, attachment element 260 may be
configured for attachment to other strap retaining devices. In
this way, first and second straps or strap portions can be
releasably attached by first and second strap retaining devices
according to the present disclosure, similar to the configura-
tion of strap retaining devices 1005, 100¢ shown in FIG. 1, for
example.

FIGS. 4 and 5 show an exemplary strap retaining device
200 and a strap 300 positioned through strap retaining device
200. Certain features of an exemplary strap retaining device
200 of the present disclosure may be understood in view of
two reference planes defined relative to strap retaining device
200. A first plane 280 is generally parallel to a plane of
rotation formed by actuator arms 230a, 2305 as they move
between neutral and actuated positions. That is, in an exem-
plary embodiment, actuator arms 230a, 2306 move in first
plane 280 when a force is applied to move actuator arms 230a,
2305 from a neutral position to an actuated position. A second
plane 290 divides strap retaining device 200 into imaginary
first and second halves. First plane 280 and second plane 290
are substantially normal or perpendicular to each other. In
various exemplary embodiments, first plane 280 and second
plane 290 are substantially perpendicular such that first and
second planes 280, 290 are within 5° of perpendicular, within
2° of perpendicular, or precisely perpendicular.

In an exemplary embodiment, retaining tab 220 may flex,
pivot or rotate, for example, about an axis 1-1 that is generally
parallel to first plane 280 and normal to second plane 290.
Actuator arm 230q, for example, may flex, pivot or rotate, for
example, about an axis 2-2 that is generally normal to first
plane 280 and substantially parallel to second plane 290.
Accordingly, actuator arm 230a, and actuation ramp 237a are
moveable in first plane 280 towards retaining tab 220. When
actuator arm 230qa and actuation ramp 237a are moved from
aneutral position, as shown in FIG. 4, to an actuated position,
as shown in FIG. 5, actuation ramp 2374 contacts engaging
surface 227a of retaining tab 220 to move retaining tab 220 in
the second plane. That is, in an exemplary embodiment,
motion of arm 230q¢ in first plane 280 results in movement of
retaining tab 220 in second plane 290.
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Strap 300 includes a tensioning portion 310 and a free end
320. Tensioning portion 310 may be attached to a personal
protective device and maintains a personal protective device,
such as a respiratory protection device, in an appropriate
position. Free end 320 may provide excess length of strap if
tension portion 310 is adjusted to a greater length, for
example. In a neutral position shown in FIG. 4, retaining tab
220 and/or retaining features 229 contact strap 300 and may
apply a force against strap 300 towards frame 210. A force
applied to strap 300 may clamp strap 300 against frame 210
limiting movement of strap 300 through strap channel 228.

When a personal protective device including a strap retain-
ing device 200 is positioned for use, a length of tensioning
portion 310 can be decreased, and the strap tightened, by
pulling free end 320 generally in a direction shown by arrow
361 for example. When free end 320 is pulled in direction
361, retaining tab 220 may bend, flex, or pivot, for example,
and may lessen a force applied on strap 300 allowing the strap
to pass through strap channel 228 and/or over frame portion
2105. When free end 320 is released, retaining tab 220 clamps
strap 300 against frame 210 to retain strap 300 and maintain
tension in tensioning portion 310. In an exemplary embodi-
ment, although pulling free end 320 may allow strap 300 to
move through strap channel 228 and shorten tensioning por-
tion 310, pulling tension portion 310 does not result in strap
300 moving through strap channel 228 and lengthening ten-
sion portion 310. Additional tension may cause retaining tab
220 to be drawn closer to frame 210 increasing a force applied
to strap 300 and further limiting movement of strap 300
through strap channel 228.

A length of tensioning portion 310 may be easily length-
ened, and strap 300 loosened, by a user pushing actuating
arms inwardly towards an actuated position shown in FIG. 5,
for example. When a user squeezes actuation arms 230a,
2305, actuation ramps 237a, 237b contact engaging surfaces
of retaining tab 220 causing retaining tab to move in second
plane 290. Movement of retaining tab 220 increases a space
between retaining tab and a portion of frame 210 such that
strap 300 may more easily slide through strap channel 228.
With actuation ramps 2374, 2376 in an actuated position and
retaining tab 220 raised, a user may easily increase a length of
tensioning portion 310 of strap 300 to loosen the device about
the user by pulling tension portion 310 in direction 362, for
example.

The components and features of strap retaining device 200
may be formed separately and subsequently joined together
to form strap retaining device 200. In an exemplary embodi-
ment, frame 210, retaining tab 220, and one or more actuation
arms 230 are formed integrally as a unitary piece, such as by
injection molding. In other exemplary embodiments, one or
more components may be separately formed and subse-
quently joined, using sonic welding or other suitable tech-
niques, to form a unitary strap retaining device 200. A unitary
construction provides a simple and relatively inexpensive
strap retaining device that may be easily manufactured with
few or no assembly or process steps required. Strap retaining
device 200 is formed such that a unitary construction may be
provided while allowing actuator arms 230a, 2305 and retain-
ing tab 220, respectively, to flex, pivot, or rotate in different
planes that may be substantially perpendicular.

Retaining tab 220 and actuator arms 230a, 2305, and/or
entire strap retaining device 200 may be formed from a mate-
rial having suitable properties to allow for elastic deformation
over a range of normal bending and flexing while exhibiting
the ability of retaining tab 220 to apply an appropriate force to
a strap positioned through strap retaining device 200. In an
exemplary embodiment, retaining tab 220 and/or actuator
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arms 230a, 2305 are made from polypropylene such as a
material having the trade name P5SM4K-046 available from
Flint Hills Resources of Wichita, Kans. Other suitable mate-
rials include plastics, polyethylene, acrylonitrile butadiene
styrene (ABS), metals, spring steel, other suitable materials
as known in the art, and suitable combinations of such mate-
rials.

The force required to move actuator arms to a fully actu-
ated position may be dependant in part on the dimensions and
geometry of actuator arms 230a, 2305 material properties of
actuator arms 230a, 2305, and a force required to move
retaining tab 220. The force required to move actuator arms
230a, 2305 for example, to an actuated position may be
selected to be sufficiently low that actuator arms 2304, 2305
are easily moved to an actuated position by a user, but suffi-
ciently high that inadvertent or unintentional actuation that
could allow a strap to inadvertently loosen, for example, is
unlikely to occur. In an exemplary embodiment, application
of'a total actuating force F of about 550 g results in actuation
arms 230a, 2305 reaching fully actuated positions and mov-
ing retaining tab 220 in second plane 290. In the fully actuated
position, a restoring force of about 550 g is likewise exerted
by actuator arms 230a, 23054 to restore arms 230a, 2305 to0 a
neutral position. In various exemplary embodiments, restor-
ing force F is between about 50 g and 1000 g, or between
about 250 g and 750 g.

In an exemplary embodiment, strap retaining device 200
provides a robust strap retaining device that may be used
throughout the usable life of a personal protective device. In
an exemplary embodiment, arms 2304, 2305 may move from
neutral to actuated positions many times, in part because
flexure of arms 230q, 2305 is desirably limited to an elastic
regime. In various exemplary embodiments, a strap retaining
device 200 provides arms 230a, 2305 that may be flexed
between a neutral position and an actuated position 10,000
times, 100,000 times, or more than 100,000 times without
fracture or damage that prevents strap retaining device 200
from functioning.

FIGS. 6 and 7 show an exemplary embodiment of a strap
retaining device 600 according to the present disclosure.
Strap retaining device 600 includes frame 610, retaining tab
620, and one or more actuation arms, such as actuation arms
630a, 630b. Frame 610 includes a first frame portion 610a
and a second frame portion 6105 joined by first and second
actuation arms 630a and 6305. Actuation arms 630a, 6305
exhibit a curved configuration and generally curve outward
between first and second frame portions 610a and 6105.

Similar to strap retaining device 200 described above,
retaining tab 620 is pivotally connected to frame portion 610a
such that retaining tab 620 may pivot or rotate relative to an
axis, such as axis 1-1, for example. In a neutral position,
retaining tab 620 and/or clamp portion 621, may apply a force
against a strap positioned through strap channel 628.

In an exemplary embodiment, first and second actuation
arms 630a, 6305 are connected to frame 610, extending
between first and second frame portions 610a and 6105, and
having ends connected to frame portions 610a and 6105,
respectively. Application of force along a length of arms
630a, 6305, such as a user squeezing arms 630a, 6305 gen-
erally inwardly towards retaining tab 620, causes arms 630a,
6304 to flex and/or straighten. Arms 630a, 63056 are biased
towards a curved neutral position, such as the position shown
in FIG. 6, such that arms 630a, 6305 return to the curved
neutral position when a force from a user is removed.

Actuation arms 630a, 6305 include actuation tabs 635a,
6355 having and actuation ramps 637a, 6375, respectively.
Actuation ramps 637a, 6375 are configured to contact a sur-
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face of retaining tab 620 when arms 630a, 6305 are flexed
and/or straightened towards retaining tab 620. In a neutral
position shown in FIG. 6, retaining tab 620 and/or retaining
features 629 contact a strap (not shown) and may apply a force
against the strap towards frame 610. A force applied to the
strap may clamp the strap against frame 610 limiting move-
ment of the strap through strap channel 628. A length of the
strap may be easily lengthened, and the strap loosened, by a
user pushing actuating arms inwardly towards an actuated
position shown in FIG. 7, for example. When a user squeezes
actuation arms 630a, 6305, actuation arms 630a, 6305 flex
and/or straighten causing actuation ramps 637a, 6375 to
move in a first plane to contact engaging surfaces of retaining
tab 620 and cause retaining tab 620 to move in a second plane.
Movement of retaining tab 620 increases a space between
retaining tab 620 and a portion of frame 610 such that the
strap may more easily pass through strap channel 628. With
actuation ramps 637a, 637b in an actuated position and
retaining tab 620 raised, a user may easily increase a length of
the strap.

FIG. 8 shows exemplary embodiments of strap retaining
devices 800 and 900 having attachment elements 860 and
960, respectively. Similar to strap retaining devices 200 and
600 described above, first and second strap retaining devices
800 and 900 include frames 810, 910, retention tabs 820, 920
pivotally connected to frames 810, 910, strap channels 828,
928 and first and second actuation arms 830a, 8305, 9304,
93056 connected to fames 810, 910, respectively. First and
second actuation arms 830a, 8305, 9304, 9305 include actua-
tion ramps movable towards retention tabs 820, 920 in a first
plane to contact a surface of the retention tabs 820, 920 and
move the retention tabs 820, 920 in a second plane that is
substantially perpendicular to the first plane. First and second
straps may be positioned in strap channels 828, 928.

First strap retainer 800 includes a first attachment element
860 that is attachable to a second attachment element 960 of
second strap retainer 900. First and second attachment ele-
ments 860, 960 thus allow first and second straps or strap
portions to be releasably attached, while also allowing easy
tensioning or loosening of the first and second straps or strap
portions, similar to the configuration of strap retaining
devices 1005, 100c¢ of FIG. 1, for example. First and second
attachment elements may include any suitable attachment
feature that allows that first and second strap retaining devices
to be attached. In an exemplary embodiment, first and second
strap retaining devices 800, 900 are releasably attached, and
are attached such that the straps are secure and not likely to be
inadvertently separated but allowing for pivoting or relative
rotation between first and second strap retaining devices 800,
900.

In an exemplary embodiment, first attachment element 860
comprises a hook 861 and second attachment element 960
comprises a loop 961. Loop 961 may be positioned within
hook 861 to attach first and second attachment elements.
When in use, tension of straps positioned in first and second
strap retaining devices 800, 900 prevents separation of first
and second attachment elements 860, 960. In an exemplary
embodiment, first attachment element 860 further includes a
generally planar member 862. When first and second attach-
ment elements 860, 960 are attached, planar member 862
provides rigidity to the attachment such that second strap
retaining device 900 is maintained in a desired orientation. In
this way, pressure of strap retaining devices 800, 900 created
by the tension of one or more straps is evenly distributed over
a surface of a wearer’s body that may be contacted by strap
retaining devices 800, 900 such that no areas of focused
pressure impinge on the wearer’s body. First and second
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attachment elements 860, 960 may comprise other suitable
attachment elements such as buckles, connectors, interfer-
ence fits, hook and loop fasteners or other suitable features as
known in the art that allow first and second strap retaining
devices to be attachable.

FIGS. 9, 10 and 11 show an exemplary embodiment of a
strap retaining device 900 according to the present disclosure
that is reversible such that strap retaining device 900 may be
used in a first orientation or a second orientation. FIGS. 9 and
10 show front and rear views of strap retaining device 900,
respectively, and FIG. 11 shows strap retaining device 900 in
an activated position.

Strap retaining device 900 includes frame 910, retaining
tab 920, and one or more actuation arms, such as actuation
arms 930qa, 9305. Frame 910 includes a first frame portion
910a and a second frame portion 9105 joined by first and
second actuation arms 930a and 9305. Actuation arms 930a,
9305 exhibit a curved configuration and generally curve out-
ward between first and second frame portions 910a and 9105.

Similar to strap retaining device 200 described above,
retaining tab 920 may be pivotally connected to frame portion
910aq, in an exemplary embodiment, such that retaining tab
920 may pivot or rotate relative to an axis, such as axis 1-1, for
example. In a neutral position, retaining tab 920 and/or clamp
portion 921, may apply a force against a strap positioned
through strap channel 928.

In an exemplary embodiment, first and second actuation
arms 930a, 9305 are connected to frame 910, extending
between first and second frame portions 910a and 9105, and
having ends connected to frame portions 910a and 9105,
respectively. Application of force along a length of arms
930a, 9305, such as a user squeezing arms 930a, 9305 gen-
erally inwardly towards retaining tab 920, causes arms 930a,
9305 to flex and/or straighten. Arms 930a, 9305 are biased
towards a curved neutral position, such as the position shown
in FIG. 9, such that arms 930a, 9305 return to the curved
neutral position when a force from a user is removed.

Actuation arms 930a, 9305 include actuation tabs 933a,
935b having actuation elements such as actuation ramps.
Actuation ramps are configured to contact a surface of retain-
ing tab 920 when arms 930a, 9305 are flexed and/or straight-
ened towards retaining tab 920. In an exemplary embodiment,
actuation tabs 9354, 93556 extend from an inner surface 9394,
9395 of actuation arms 930a, and 9305. Actuation elements
may include front ramps 937a, and 9375 and rear ramps 938a,
9385, on front and rear sides respectively, of strap retaining
device 900. In an exemplary embodiment, actuation arms and
actuation elements are symmetrical when viewed from the
front and the rear. Accordingly, a strap may be threaded
through a strap channel 928 from the front to the rear or from
the rear to the front, and a user need not consider the orien-
tation of strap retaining device 900 when attaching a strap.

In a neutral position shown in FIG. 9, retaining tab 920
and/or retaining features 929 (FIG. 11) contact a strap (not
shown) and may apply a force against the strap towards frame
910. A force applied to the strap may clamp the strap against
frame 910 limiting movement of the strap through strap chan-
nel 928. The strap may be easily loosened by a user pushing
actuating arms inwardly towards an actuated position shown
in FIG. 11, for example. A first actuation element, such as
front and rear ramps 937a, 9375, 9384, or 9385, is movable in
a first plane from a neutral position to an actuated position in
which front ramps 937a and/or 9375 cause the retention tab to
move in a second plane in a direction outwardly from front
ramps 937a and/or 9375. The first actuation element, such as
front and rear ramps 937a, 937b, 938a, or 9385, is further
moveable in a first plane from a neutral position to an actuated
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position in which rear ramp 938a and/or 9386 causes the
retention tab to move in a second plane in a direction out-
wardly from rear ramp 938a and/or 9384. That is, retention
tab 920 may pivot outwardly in the front direction or the rear
direction depending on whether one or more front ramps
937a, 9375 contact retention tab 920 or one or more rear
ramps 938a, 9385 contact retention tab 920. When a user
squeezes actuation arms 930a, 9305, actuation arms 930aq,
9305 flex and/or straighten causing front ramps 9374, 9375 to
move in a first plane to contact engaging surfaces of retaining
tab 920 and cause retaining tab 920 to move in a second plane
in a direction outwardly from front ramps 937a, 9375. Alter-
natively, when a user squeezes actuation arms 930a, 9305,
actuation arms 930a, 9305 flex and/or straighten causing
actuation rear ramps 938a, 9385 to move in a first plane to
contact engaging surfaces of retaining tab 920 and cause
retaining tab 920 to move in a second plane in a direction
outwardly from rear ramps 9384, 9385. Movement of retain-
ing tab 920, and forward movement of a portion of frame 910
resulting from straightening of actuation arms 930a, 9305,
increases a space between retaining tab 920 and a portion of
frame 910 such that the strap may more easily pass through
strap channel 928. With front ramps 937a, 9375 or rear ramps
938a, 938b in an actuated position and retaining tab 920
raised, a user may easily increase a length of the strap.

A strap retaining device according to the present disclosure
provides several advantages. A strap retaining device in
which movement of actuation ramps in a first plane cause a
retaining tab to move in second plane allows strap adjust-
ments to be made by simply squeezing or pressing one or
more actuation arms. Such a configuration facilitates one
handed operation, or operation by a user wearing gloves that
may limit dexterity. Although a retaining tab, such as retain-
ing tab 220 for example, could be manipulated directly by a
user, such operation may be difficult using only a single hand
or a gloved hand, and may limit the ability of a user to quickly
and easily lengthen a tensioning portion, for example, of a
strap. Further, while prior devices may allow a strap to be
shortened or tensioned by simply pulling the strap, a strap
retaining device according to the present disclosure allows a
strap to be easily lengthened or loosened, as well.

The foregoing detailed description and examples have
been given for clarity of understanding only. No unnecessary
limitations are to be understood there from. It will be apparent
to those skilled in the art that many changes can be made in the
embodiments described without departing from the scope of
the disclosure. Any feature or characteristic described with
respect to any of the above embodiments can be incorporated
individually or in combination with any other feature or char-
acteristic, and are presented in the above order and combina-
tions for clarity only. Thus, the scope of the present disclosure
should not be limited to the exact details and structures
described herein, but rather by the structures described by the
language of the claims, and the equivalents of those struc-
tures.

What is claimed is:

1. A strap retaining device for a personal protection device,

comprising:

a frame comprising a first frame portion and a second frame
portion;

a retention tab having a first end pivotally connected to the
frame at the first frame portion and a second end portion
not connected to the frame;

a strap channel between the second end of the retention tab
and the second frame portion; and
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afirstactuation arm connected to the frame and comprising
a first actuation element movable towards the retention
tab; and

a strap positioned in the strap channel and looped about the

second frame portion;

wherein the first actuation element is movable in a first

plane from a neutral position to an actuated position in
which the first actuation element causes the retention tab
to move in a second plane that is substantially perpen-
dicular to the first plane; and wherein the strap retention
tab clamps the strap against the second portion of the
frame in the neutral position.

2. The strap retaining device of claim 1, wherein the first
actuation element is a ramp.

3. The strap retaining device of claim 1, wherein first actua-
tion element contacts an angled surface of the retention tab in
the actuated position.

4. The strap retaining device of claim 1, wherein the frame,
strap retention tab, and actuation arm are integrally formed.

5. The strap retaining device of claim 1, wherein the frame,
strap retention tab, and actuation arm are a unitary compo-
nent.

6. The strap retaining device of claim 1, wherein the first
actuation arm is a cantilever biased out of contact with the
retention tab when in a neutral position.

7. The strap retaining device of claim 1, wherein the first
actuation arm is curved when in a neutral position.

8. The strap retaining device of claim 1, further comprising
a second actuation arm attached to the frame and comprising
asecond actuation element movable towards the retention tab.

9. The strap retaining device of claim 8, wherein the first
actuation arm is positioned opposite the second actuation arm
and the first and second actuation elements are movable
towards each other.

10. The strap retaining device of claim 1, wherein the strap
retaining device is made of plastic.

11. The strap retaining device of claim 1, wherein deflec-
tion of the actuation arm in the first plane towards the reten-
tion tab causes the retention tab to move in a second plane and
reduce a force applied to the strap.

12. The strap retaining device of claim 1, further compris-
ing an attachment element extending from the frame.

13. The strap retaining device of claim 12, wherein the
attachment element extends away from the frame in a direc-
tion away from the retention tab.

14. The strap retaining device of claim 12, wherein the
attachment element comprises a tab.

15. The strap retaining device of claim 12, wherein the
attachment element comprises a hook.

16. The strap retaining device of claim 12, wherein the
attachment element comprises a loop.

17. The strap retaining device of claim 1, wherein the first
actuation arms and first actuation element are symmetrical
when viewed from the front and the rear.

18. The strap retaining device of claim 1, wherein the first
actuation element includes a front ramp and a rear ramp.

19. The strap retaining device of claim 18, wherein the first
actuation element is movable in a first plane from a neutral
position to an actuated position in which a front ramp causes
the retention tab to move in a second plane in a direction
outwardly from the front ramp, and the first actuation is
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further moveable in a first plane from a neutral position to an
actuated position in which the rear ramp causes the retention
tab to move in a second plane in a direction outwardly from
the rear ramp.

20. A harness assembly for a respirator, comprising:

First and second strap retaining devices each including a
frame comprising a first frame portion and a second
frame portion, a retention tab having a first end pivotally
connected to the frame at the first frame portion and a
second end portion not connected to the frame, a strap
channel and a first actuation arm connected to the frame
and comprising a first actuation ramp movable in a first
plane from a neutral position to an actuated position in
which the first actuation ramp contacts a surface of the
retention tab and causes the retention tab to move in a
second plane that is perpendicular to the first plane;

a first strap positioned in a strap channel of the first strap
retainer about a portion of the frame of the first strap
retainer; and

a second strap positioned in a strap channel of the second
strap retainer about a portion of the frame of the second
strap retaining devices;

wherein the first strap retaining device comprises a first
attachment element and the second strap retaining
device comprises a second attachment element and the
first attachment element is attachable to the second
attachment element, and wherein the strap retention tabs
of the first and second strap retaining devices clamp the
first and second straps, respectively, against the second
portion of the frame when in a neutral position.

21. The harness assembly of claim 20, wherein the first and
second straps are positionable about the neck of a wearer
when the first attachment element is attached to the second
attachment element.

22. The harness assembly of claim 20, wherein the first
attachment element comprises a hook.

23. The harness assembly of claim 21, wherein the second
attachment element comprises a loop.

24. The harness assembly of claim 20, further comprising:

a strap support positionable about a user’s head and includ-
ing a strap retainer receiver;

athird strap retaining device including a frame, a retention
tab pivotally connected to the frame, a strap channel and
a first actuation arm connected to the frame and com-
prising a first actuation ramp movable in a first plane
from a neutral position to an actuated position in which
the first actuation ramp contacts a surface of the reten-
tion tab and causes the retention tab to move in a second
plane that is perpendicular to the first plane; and

athird strap positioned in a strap channel about a portion of
the frame of the third strap retaining device;

wherein the strap retainer comprises a third attachment
element attachable to the strap retainer receptacle.

25. The harness assembly of claim 24, wherein the third

attachment element comprises an anchoring tab.

26. The harness assembly of claim 24, wherein the third
strap is positionable about the head of a user when the third
attachment element is attached to the strap retainer receptacle
of the strap support.



